Serological property and electrophoretic mobility of coat protein as well as symptoms on citrus and herbaceous plants were compared on two isolates (S-58, MIE-88) of satsuma dwarf virus (SDV) and four of related viruses (Ci-968, LB-1, Az-1, NI-1), using enzyme linked immunosorbent assay (DAS-ELISA), sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and electro-blot immunoassay. Symptoms on citrus and herbaceous plants showed that S-58 and MIE-88 are SDV, Ci-968 is citrus mosaic virus (CiMV), NI-1 is navel orange infectious mottling virus (NIMV), while LB-1 and Az-1 are unreported viruses. In DAS-ELISA, S-58 and MIE-88 reacted strongly to anti-S-58 poly clonal antibody (S-PA), Ci-968 and LB-1 strongly to anti-Ci-968 antibody (Ci-PA) while Az-1 and NI-1 reacted to neither of them. SDS-PAGE revealed that S-58 and MIE-88 had two major coat proteins of about 42,000 and 22,000 daltons (slow migrating band, SB and fast migrating band, FB), Ci-968, LB-1 and Az-1 had ones of about 42,000 and 23,000 daltons, and NI-1 had ones of about 42,000 and 22,500 daltons. In electro-blot immunoassay, S-PA reacted strongly to SB of S-58 and MIE-88, Ci-PA reacted strongly to SB of Ci-968, LB-1 and Az-1, and relatively weakly to SB of S-58 and MIE-88, while neither of S-PA and Ci-PA reacted to SB of NI-1. FB of S-58 and MIE-88 reacted very weakly to S-PA and Ci-PA. FB of Ci-968, LB-1, Az-1 and NI-1 reacted to neither of S-PA and Ci-PA. These results show that the six isolates can be classified as follows; SDV group (S-58 and MIE-88), CiMV group (Ci-968, LB-1 and Az-1) and NIMV group (NI-1). However, it was considered that more data should be accumulated to define these groups as distinct viruses or strains of SDV.
INTRODUCTION
Satsuma dwarf is endemic in some citrus orchards in Japan and causes serious damage in satsuma mandarin (Citrus unshiu Marc.). The spring shoots of infected trees grow poorly and tree vigor deteriorates17). Recently, satsuma dwarf was reported to be widespread in Zhejiang Province in China2).
Research on satsuma dwarf virus (SDV) in Japan during the 1960's showed that citrus mosaic virus (CiMV), navel orange infectious mottling virus (NIMV), and natsudaidai dwarf virus (NDV) were closely related to SDV13-16). These viruses were classified mainly according to the symptoms on various citrus plants and herbaceous indexing plants. This classification should be reviewed by standard of present classification of plant viruses. For example, it was reported that CiMV was a strain of citrus variegation virus13), which is now considered as a member of ilarvirus group1,3). However, the shape and size of virions of CiMV are distinct from those of ilarvirus16).
Furthermore, some viruses which are similar to SDV but distinct in pathogenicity and serological property were isolated from citrus recently6). isolates were investigated in their study. For the first step, comparison was made on serological property of six isolates of SDV and SDV-RSV using double antibody sandwich enzyme-linked immunosorbent assay (DAS-ELISA). We also report on the variability of electrophoretic mobility of coat proteins among these isolates.
MATERIALS AND METHODS

Viruses.
The six isolates used were as follows. S-58, MIE-88 and Az-1 were originally from satsuma mandarin (Citrus unshiu Marc.) with typical symptoms of satsuma dwarf. Ci-968 was from satsuma mandarin with typical mosaic symptoms on fruit rind. LB-1 was from navel orange (Citrus sinensis Osbeck) with severe leaf blotch and stem mosaic symptoms as previously described6). NI-1 was from navel orange which showed mottling on the matured leaves. Mechanical inoculation to herbaceous plants. Mechanical inoculation to cowpea (Vigna sinensis cv. Black eye) and kidney bean (Phaseolus vulgaris cv. Chasiro) were conducted essentially as described previously13).
Antibodies.
Polyclonal antibodies (PA) against S-58 and Ci-968 (S-PA, Ci-PA) were raised in rabbits. These antibodies had been constantly used in our laboratory for many serological tests6,8). Immunosorbent electron microscopy (ISEM). Purified immunoglobulin (1mg/ml) obtained from S-PA was diluted with 0.1 M phosphate buffer (pH 7.0), and ISEM was carried out essentially according to the procedure reported previously10).
SDS-polyacrylamide gel electrophoresis (SDS-PAGE).
Purified virus preparations were heated in boiling water for three min in the presence of sodium dodecyl sulfate (SDS) and 2 mercaptoethanol and analyzed by SDS-PAGE on 12% polyacrylamide gels essentially as described by Laemmli9). After electrophoresis, the gel was stained with Coomassie brilliant blue R 250 (CBB) and destained overnight in a destaining solution (methanol: acetic acid: water, 3:1:9). Electro-blot immunoassay (Western blotting, WB). After SDS-PAGE, the separated pro teins were transferred electrophoretically to PVDF membrane (BIO-RAD) as described previously5).
After electro-blotting, the proteins on the PVDF membrane were stained with CBB or detected se rologically using S-PA or Ci-PA in combination with Immun-Blot Assay kit (BIO-RAD, goat antirabbit IgG HRP conjugate).
RESULTS
Symptoms
on citrus and herbaceous plants The symptoms on citrus and herbaceous plants induced by the isolates were summarized in Table  1 . These results show that S-58 and MIE-88 are SDV, Ci-968 is CiMV, NI-1 is NIMV, while Az-1 and LB-1 are new citrus viruses by the conventional criteria.
DAS-ELISA
The results of DAS-ELISA are summarized in Table 2 . Extracts from plants infected with Az-1, NI-1 consistently
showed ELISA values as low as healthy back ground. LB-1 was more closely related serologically to Ci-968 than to S-58, although homologous Ci-968 ELISA values were consistently higher than those for LB-1. MIE-88 was very closely related to S-58. ISEM ISEM was conducted to confirm the lack of serological relationship of Az-1 to S-58 obtained by DAS-ELISA. Virus particles of Az-1 were decorated with a 1/4 dilution of S-PA immunoglobulin but not at 1/8 dilution, while S-58 was decorated up to 1/128 dilution of S-PA immunoglobulin (Fig. 1) . The confirmed results from ELISA and ISEM showed that Az-1 is distantly serological related to S-58, while S-58 and Ci-968 are relatively closely related.
SDS-PAGE Significant difference in mobility was observed among the coat proteins of the different isolates. S-58 and MIE-88 had two major coat proteins of about 42,000 and 22,000 daltons. Ci-968, LB-1 and Az-1 had two major proteins of about 42,000 and 23,000 daltons, and NI-1 had two major proteins of 42,000 and 22,500 daltons (Fig. 2) .
In case of S-58 and MIE-88, faint minor bands were often detected slightly above the slow migrating bands (Fig. 3) . These minor bands were consistently detected from the same purification lot. Therefore, the minor bands were considered to be produced by degradation during purification.
Electro-blot immunoassay (Western blotting, WB) When the PVDF membrane was stained with CBB, the bands which corresponded with those on polyacrylamide gel were detected. This confirmed that all coat proteins of the viruses tested were readily electrophoretically transferred to the PVDF membrane. However, when this PVDF membrane was probed immunologically, only slow migrating bands were clearly detected. The fast migrating bands were detected faintly when immunoglobulins were diluted to the optimum point for the detection of the slow migrating bands (Figs. 4, 5) . These results suggested that the fast migrating component of the coat proteins was distantly related to the slow migrating one. The results of WB were in accordance with that of DAS-ELISA with some exceptions (Figs. 4, 5, Tables 2, 3 ). Although Ci-968 and LB-1 were positive in DAS-ELISA using S-PA, they reacted poorly in WB. On the contrary, S-58 and MIE-88 reacted strongly both in DAS-ELISA and WB using Ci-PA. Az-1 reacted in WB using Ci-PA, while it was negative in DAS-ELISA. 
DISCUSSION
The symptoms induced on citrus and herbaceous plants suggest that S-58 and MIE-88 are SDV, Ci-968 is CiMV, NI-1 is NIMV, LB-1 and Az-1 are new viruses on the conventional criteria. LB-1 is similar to CiMV, but no mosaic symptoms were induced on the inoculated fruit of satsuma mandarin.
The results of DAS-ELISA and WB show that NI-1 is serologically distinct from other isolates such as S-58 and Ci-968. Az-1 reacted to Ci-PA in WB, but it was not detected in DAS-ELISA. It seemed that Az-1 was serologically related to Ci-968, while LB-1 was more closely related to Ci-968. These results show that serological diversity of SDV-RVS is much wider than previously recognized.
Recently, it was reported that LB-1, which is morphologically and serologically related to CiMV, causes severe leaf blotch symptoms and stem mosaic symptoms on sweet orange6). These symptoms had not been previously reported for SDV and SDV-RVS. These results as well as those obtained in this study show that large diversity exists among SDV and SDV-RVS.
Based on reactivity to S-PA and Ci-PA in DAS-ELISA and WB, the six isolates can be classified as follows; SDV group (S-58, MIE-88), CiMV group (Ci-968, LB-1, Az-1) and NIMV group (NI-1). These isolates are serologically related except NI-1. Therefore, from point of view of this serological relation ship, viruses of CiMV group should be classified as strains of SDV, while NIMV is a distinct virus.
However, more information should be accumulated to establish classification of SDV and SDV-RVS.
SDS-PAGE analysis of virus coat protein revealed a large diversity among SDV and SDV-RVS. The mobility of the tested isolates can be divided to three groups; SDV group (S-58, MIE-88), CiMV group (Ci-968, LB-1, and Az-1). NIMV group (NI-1). These groups on SDS-PAGE correspond with the ones on serological relationship described above. is that in SDS-PAGE, the fast migrating band is degradation product which have almost lost reactivity with S-PA and Ci-PA, both of which were prepared against the intact virions. Another speculation is that the epitopes of the fast migrating band are covered by the epitopes of the slow migrating one in virion.
From the point of view of practical diagnosis, occurrence of viruses such as Az-1 and NI-1 suggests insufficiency of conventional DAS-ELISA now commonly used for field diagnosis and virus-free indexing for SDV and SDV-RVS in Japan. Homologous polyclonal antisera might be needed to detect the viruses such as Az-1 and NI-1 by ELISA.
It is probable that some unknown strains of SDV and SDV-RVS can not be detected by ELISA even using Az-1 and NI-1 antibodies. In the routine field diagnosis, we have often seen many samples which were negative in DAS-ELISA but positive in sesame indexing. Some of these may have been due to serological diversity rather than unsuitable condition of the samples. It is also probable that some of these isolates may not be detected by Az-1-PA and NI-1-PA. Taking this into account, it seems impossible to detect all the SDV-RVS by serological methods with a single antiserum. Classical indexing on sesame7) should be conducted as well as ELISA on the important materials such as mother stock trees.
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